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MAXIMUM PERMI SSIBLE ENGINE PERFORMANCE 07 EIGHT ' 

REPRESENT ATIVE FUELS 07 100-0CTANE NUMBER 

By Addison M. Eothrook, Arnold B. Biermann 
and Lester C. Oorrington 



■ SUMMARY 



Knock-limit performance teste were made with eight 
representative fuels rated at 100-oetane number "by the 
C.T.R. aviation method. The prcoedure consisted of deter- 
mining the maximum permissible indicated mean effective 
pressure as a function of the fuel-air ratio. The eight 
fuels were mixtures of representative blending agents and 
bases. One of the fuels oontained 15 percent benzene. 
All of the fuels with the exception of one contained 3.0 
milliliters tetraethyl lead per gallon. 

The data show considerable difference in the maximum 
permissible performance of these fuels when tested in the 
Lycoming 0-1330 oylinder. This same difference is evi- 
dent in data determined with seme of the fuels In a Wright 
0-200 cylinder, a 2%-inch bore C.F.R, oylinder, and an 
Ethyl Gasoline Corporation 17.6 cylinder. The data indi- 
cate that, as the inlet-air temperature to the engine is 
increased, the general level of the maximum permissible 
performance is decreased, but the decrease is less with 
rich mixtures than with mixtures close to the chemically 
correct value. The data further show that the fuels have 
octane numbers, as determined in the Lyocming cylinder, 
the Wright oylinder, or the Ethyl Gasoline Corporation 
cylinder, in excess of that for 8-1 reference fuel. In 
particular, one fuel permitted a maximum permissible in- 
dicated mean effective pressure 55 percent in excess of 
that permitted by 8-1. The data show that the sperk-plug 
type has no effect on the knock limit, provided that pre- 
ignition or afterfirlng does not occur. 

The percentage of naphthenes, paraffins, or aromatios 
shows no specific relation to the knock levels of the dif- 
ferent fuels. There is some indication from the data that 
fuel volatility Is playing a part in the knock-rating 
curves determined for the fuels. 
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INTRODUCTION 



At the Langley Memorial Aeronautical Laboratory dur- 
ing the past year the National Advisory Committee for 
Aeronautics has "been conducting tests on the maximum per- 
missible performance of representative fuels rated at 
100-octane number by the C.F.R. aviation method (refer- 
ence l). These tests were made following the recommenda- 
tion of the NACA Subcommittee on Aircraft Fuels and 
Lubricants. Data were recorded showing the variations in 
knock characteristics that occurred among eight such 
fuels in a full-scale single cylinder when the fuel-air 
ratio and the inlet-air temperature to the engine were 
varied. The purpose of this report is to present the 
results of these teste. 

The National Advisory Committee for Aeronautics ex- 
presses its appreciation to the Esso Laboratories of the 
Standard Oil Development Company and to the Ethyl Gaso- 
line Corporation for the use of certain data which were 
recorded in the laboratories of these companies and which 
heva hitherto been unpublished. Where these data are used 
in this report, qpecific mention is made of the source. 



FUELS TESTED 



Eight representative 100-octene-number fuels referred 
to as fuels 1, 2, etc. (table I) were chosen by the Sub- 
committee on Aircraft Fuels and Lubricants of the National 
Advisory Committee for Aeronautics. All of the fuels with 
the exception of fuel 2 contain approximately 3 milliliters 
tetraethyl lead per gallon. Fuel 2 contains 6 milliliters 
tetreethyl lead per gallon. In tables and figures tetra- 
ethyl lead is designated TEL. The first three fuels con- 
tain a 74-octane-number base. To fuel 1 a hydrocodimer 
blending agent has been added. Both fuel 2 end fuel 3 
have an alkylate blending agent. A comparison of fuels 
1 and 6 shows the effect of the hydrocodimer blending 
agent with, first, the 74-octene straight run base and, 
second, a Houdry base. Fuels 3, 4, and 5 show the effect 
of the 74-octane base, the hydroformed base, or a Houdry 
base, respectively, in an alkylate blending agent. A 
comparison of fuel 8 with fuel 7 shows some of the effects 
of the addition of benzene. 
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Table II lists the properties of the "base etooks and 
the blending agents of the first six fuels. Table III 
presents the characteristics of the blended fuels. The 
data in tables II and III were presented by the Xsso 
Laboratories of the Standard Oil Development Company. 
The Houdry gasoline was supplied by the 8un Oil Company, 
Table IV lists the inspeotion data on fuels ? and 8 pre- 
sented by the Standard Oil Company (Indiana). The aro- 
matic for fuel 8 is benzene. 

■ 

Table V lists the heats of combustion and the 
hydrogen-carbon ratios of the eight fuels as determined 
at the Langley Memorial Aeronautical Laboratory, The dif- 
ference between the values given in this table and those 
shown in table III is small. A comparison of the heats 
of combustion as listed in table V shows the maximum dif- 
ference among the fuels to be a little less than 4 per- 
cent . 

Fuels 4 and 8, both of which contain 15 percent aro- 
matios, have the lowest heats of combustion and the low- 
est hydrogen-carbon ratios. Fuels 5 and 6, which have 
the highest percentage of paraffins, have the highest 
heats of combustion but not the highest hydrogen-oarbon 
ratios. 

The distillation data for the fuels are plotted in 
figure 1. This figure also contains the distillation 
curves for 8-1 fuel and for 8-1 + 2.0 milliliters tetra- 
ethyl lead. The saturated vapor pressures of the fuels 
at different conditions and the heats of vaporization of 
the fuels are possibly of more significance than the dis- 
tillation data in estimating the mixing characteristics 
of the fuels. 

The octane numbers of the fuels shown in table I 
were determined by four different laboratories .according 
to the O.ff.R. aviation method (reference 1), The octane 
numbers of the eight fuels vary from 99.4 to 100 +0.06 
milliliters tetraethyl lead. The referenoe fuels were 
8-1 and 8-1 + TEL, 

APPARATUS 



A Lycoming 0-1330 cylinder with a standard flat-top 
piston was used in most of the tests. This cylinder is 
liquid-cooled and has a bore of 5 A inches and a stroke 
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of 4 A inches, giving a displacement of 102.8 cubic 
inches. The . cylinder was set up on one of the original 
Air Corps type universal crankcases "built by the Steel 
Prodiots Company. A diagrammatic sketch of the set-up Is 
shown in figure 2* - 

Tuelp 7 and 8 ware also tested in a Wright 0-200 
cylinder mounted on a Waukesha OUE crenkcase. This cyl- 
inder has a bore of 6V 8 inches and a stroke, of 6% inches. 
The general set-up was similar to that shown in figure 2. 

The following test conditions were maintained con- . 
stant : 



Incoming ■ Wright. G-200 
0-1230 cylinder cylinder 



Engine speed, rpm 2000 2000 

Spark advance, °B.T.O. . .■ 2^ 20 

Compression ratio 7*0 7-0 

Inlet coolant temperature, TP 25O 

Rear spark-plug boss temperature, °T: . UOO " 

Oil outlet temperature, °P '. 165 200 



TEST PROCEDURE . 

Knock limits .- The inlet-air pressure that caused 
audible knock was determined over- the range of fuel-air 
ratios from approximately 0.05 to 0.12. The- inlet pres- 
sure at each- test point was reduced 7 ■ percent, below the 
value producing audible knock before the data were re- 
corded, the mixture ratio nnd other variables being kept 
constant. The engine was operated for a short .period at 
these conditions before the data were recorded. Data 
taken previously with this cylinder showed that the M.I.T. 
knockneter indicated incipient knock at this condition of 
operation. Data recorded with an inlet pressure of 93 
peroent of that producing audible knock represent a prac- 
tical operating limit. Experience has indicated that 
this knock level is about the .maximum at. which, the engine 
can be operated for prolonged periods. 
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The fuel flow and the Inlet-air pressure, toeing sepa- 
rately controlled, it was . necessary to increase each al- 
ternately, in small increments as the knock point, was ap- 
proached in the extremely lean mixture range. Under 
these conditions the mixture ratio was found to he very 
critical. At. a slightly leaner mixture, the engine would- 
misfire and, at a Blightly richer mixture, severe knock- 
ing w»s encountered. The -reason- for t.hese phenomena is 
readily understood from* figure '3. The dotted line shows 
the manner in which the fuel flow and the inlet-air pres- 
sure were varied in "bringing the engine to the knock 
point. The final adjustment in each case was made toy in- 
creasing the fuel flow slightly until audible knock was 
encountered.. When the inlet pressure was decreased 7 per- 
cent to reach stable operating conditions, it was found 
necessary to lower the fuel flow first. If the inlel 
pressure wbs lowered first, violent knocking would result, 
as is apparent from figure 3. In many cases,. when tbe 
knock point was "being approached at eitremely ■ lean mix- 
tures, the engine would 'suddenly knock very severely for 
two or three cycles. Tot very lean mixtures , light knocks 
oould be occasionally heard at -the inlet pressure of 93- 
percent audible knook, probably because of variation i-n 
the mixture strength. 

To determine the knock point on the rich side of the 
curve, the fuel flow was set and the inlet pressure was 
increased until knock occurred. This method is illustrat- 
ed by the dashed line in figure 3. In this case it was 
necessary to lower the inlrt pressure first in obtaining 
the condition of 93-percent audible knock. 

Af terf iring . - Afterfiring was checked toy cutting the 
ignition. Particular care .was exercised to avoid hot sur- 
faces in the exhaust pipe "because their presenoe might 
cause ignition. after -the switch was cut. 

S -parte advance .- The spark advance in these tests was 
chosen somewhat arbitrarily .■ Data were first recorded 
showing the relation between spark advance and the power 
output with 3-1 fuel* - As the variation of power with 
spark advance wne quite small in the maximum-power range, 
retarding the spark to a 1-percent drop in power was nec- 
essary to give a specif io value of the spark advance- as 
shown in figure 4« Several of the other fuels were also 
tested for. the effect of spark advance, and the results 
showed that the spark advance for 1-peroent drop from 
maximum power was within 1° of that for 8-1. 
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Bngine friction .- The engine friction won determined 
by motoring the engine at the desired speed end engine tem- 
peratures. Headings were taken of the brake load for var- 
ious inlet pressures. Care was taken to maintain the oil 
temperatures at the same value in. the friotion runs as in 
the fuel-test runs. A curve was plotted of friction mean 
effective pressure against inlet pressure, and the value* 
of indicated mean effective pressure were calculated by 
adding the friction mean effective pressure to the brake 
mean effective pressure. Friction curves were obtained 
approximately every 20 hours of engine operation. Spmple 
curves are shown in figure D. l'he variation between the 
two curves represents about the maximum that occurred. 

During the tests of fuel 7, the engine was disas- 
sembled. When it was reassemblnd, the data on S-l fuel 
did not check the previous readings. For this reason, 
tests to determine variation of fuel-air ratio with max- 
imum permissible indicated mean effective pressure were 
repeated on S-l and S-l + 1.0 milliliters tetraethyl lead 
so that the results of the second test on fuel 7 could be 
oompared with 8-1. Because the first tests with fuel 8 
were limited by afterfiring, tests on this fuel were also 
repeated with a different spark plug, which eliminated 
the afterfiring and permitted the knock limit of fuel 8 
to be reached. 

The electrodes of the spark plugs used in the tests 
on the Lycoming cylinder were recessed approximately 7/16 
inch from the inner surface of the combustion chamber. 
In the lean region, that is, at fuel-air ratios of less 
than approximately 0.067, the firing was irregular. Sub- 
sequent tests made with this cylinder, in which the elec- 
trodes were flush with the inner surface of the combustion 
chamber, have shown that with this arrangement firing in 
the lean region is more regular. 

Accuracy . - The reproducibility of the data was not 
checked for all of the fuels. Checks were made each day 
on the knock limit of S-l at a "fuel-air ratio of 0.07. 
If the maximum permissible inlet pressure did not check 
within ±1.0 inoh of mercury, the engine was examined for 
possible causes of the discrepancy. In one case, as 
mentioned previously, a check could not be obtained. The 
tests of the fuel in question were repeated together with 
tests of the reference fuels. Specific mention of these 
tests is made later in the report. 



All values of inlet pressure are given in inches of 
mercury, absolute. 
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Maximum permlaaibla Indicated mean affective pressure. 
In the presentation of the knock characteristics of these 
eight representative 100-oetane-number fuels, it is advis- 
able to compare the results obtained with the data recorded 
for the 3-1 reference fuels; 

An examination of the results for 8-1 fuel and 8-1 
plus tetraethyl lead (fig. 6) at the two inlet-air temper- 
atures shows, as 1b to be expected, that the maximum per- 
missible indicated mean effective pressure at any one fuel- 
air ratio decreased as the inlet-air temperature was in- 
creased. There is also a marked difference in the general 
shape of the ourves. At the lower inlet-air temperature, 
the curves tend to reach a maximum value of the maximum 
permissible indicated mean effective pressure at a fuel- 
air ratio of approximately 0.090. At the higher inlet- 
air temperature, the curves in general tend to show a con- 
tinuous increase in the maximum permissible indicated mean 
effective pressure as the mixture is enriohed or, if a 
maximum occurs, it occurs at a richer mixture than is the 
oase at the lower inlet temperature. This difference in 
the shape of the ourves is not clearly understood. A 
possible explanation is that vaporization of the fuel is 
influencing the reaction. 

In the lean region the maximum permissible indicated 
mean effective pressure continued to deorease in all of 
the oases except one. This oontinued decrease is in con- 
tradiction to results presented at other laboratories. 
Tor instance, in the teste made on the O.7.H. engine by 
the O.I.H. group working on the proposed tentative super- 
charged method, as the mixture ratio was leaned below ap- 
proximately 0.065, the maximum permissible indicated mean 
effective pressure increased. A similar increase for lean 
mixtures will be presented later in this report for tests 
with the Wright 0-290 cylinder. This difference in the 
shape of the ourves is attributed to the recessed spark 
plug used with the Lycoming cylinder. Tests now being 
conducted on this oylinder with the spark-plug eleotrbdes 
flush with the inner surface of the combustion chamber 
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show that, vith this arrangement, the lean mixture opera- 
tion is improved end the maximum permissible indicated 
mean effective pressure passes through a minimum at a fuel- 
air ratio of about 0.065. This change is caused by the 
position of the spark-plug electrodes and not by the spark- 
plug type. 

Because it was necessary to change the type of spark 
plug to prevent efterfiring with fuel 8, tests were run 
with S-l + 3.0 milliliters tetraethyl lead to determine 
whether the spark plug had any unforeseen effeot on the 
knock limit of the fuel. Besults presented in table VI 
show that changing the type of spark plug or installing a 
thermocouple in the center electrode of the spark plus 
did not affect the maximum permissible inlet pressure or 
the maximum permissible indicated mean effective pressure. 

.Tiguree 7 and 8 show the results for the eight rep- 
resentative 100-octane-number fuels. At both inlet-air. 
temperatures the maximum permissible indicated mean ef- 
fective pressure reached a maximum: at a fuel-air ratio 
of approximately 0.080 at the lower inlet-air temperature 
and' at a fuel-air ratio of approximately 0.090 at the 
higher inlet-air temperature. The faot that these curves 
of maximum permissible indicated mean effeotive pressure 
deoline in the rich region - whereas such was not the 
case with the curves for the reference fuels - means that 
the octane number of these fuels as determined on the 
Lyooming cylinder will decrease in the rich region. 
Whether this decrease applies to the full-scale perform- 
ance of these fuels is not known. If this difference in 
the' shape of the curves is the result of the. fuel vola- 
tility, and the data for drawing such a conclusion are 
admittedly incomplete, it is logical to expect that this 
volatility will cause a difference between multicylinder- 
engine and single-oylinder-engine results. 

In a multicylinder engine the fuel is first carbu- 
reted and then passed through the supercharger. If a two- 
stage supercharger is used, the fuel is carbureted between 
the two stages. While. the fuel is passing through the 
supercharger, it is being- mi xxd with the air. This mixing 
time is not available in single-cylinder. set-ups , in which 
the injection nozzle or the carburetor is mounted close 
to the inlet valve of the engine. It is quite possible 
that in order to reproduce full-scale results it will be 
necessary to place the carburetor or the fuel-injection 
nozzle at some distance from the engine so that additional 
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time will be permitted to vaporise the fuels. The date 
show the need of more information on this subject if 
. _ fuele. ..eire.. to,. Jbe .prope.rly .rated. 

She result 8 shown for fuel 8 in figure 7(h) by the 
solid curve are those for which in most oases the perfor- 
mance of the fuel was limited by afterfiring. When the 
spark plug was changed to a cooler running plug, this 
afterfiring was eliminated and the results shown by the 
dashed curve were recorded. As mentioned in the test 
procedure, when this second run was made with fuel 8, it 
was necessary to repeat the data on the reference fuels 
and, at the same time, a second series of data was re- 
corded for fuel 7. This second test for fuel 7 is also 
shown as the dashed curve in figure 7(b). Both ourves 
for fuel 7, although differing in aotual values, show 
quite good agreement in regard to the general shape. 

figure 8 shows the data for fuels 7 and 8 determined 
in the second series of tests together with those for the 
referenoe fuels. Tigure 8 also shows data on the indi- 
cated speoifio fuel consumption determined in these runs. 
A single curve can be drawn to represent the indicated 
speoifio fuel consumption indicating that the addition of 
16 percent benzene caused no measurable inorease in the 
specific fuel consumption. 

The exact significance of the afterfiring with fuel 
8 is not olear. The afterfiring limit at the higher 
inlet-air temperature placed this fuel below the other 
fuels for fuel-air ratios of lees than 0.08. The data 
indicate that afterfiring would not ocour at fuel-air 
ratios greater than approximately 0.096* In the second 
series of tests, in which the afterfiring was eliminated, 
the performance of this fuel was entirely satisfactory. 
Its very marked improvement over the other fuels is no- 
ticeable. How much of the improvement in fuel 8 over 
fuel 7 results from the addition of the benzene and how 
much of the improvement results from the inorease of the 
phosphoric acid iso-ootane content is not clear. 

Maximum permissible inlet "pressure and maximum cyl- 
inder pressures .- The indicated mean effective pressure 
developed at incipient knock is a function of both the 
mass of air inducted per oyole and the fuel-air ratio. 
The inlet pressure at any one inlet temperature ie a meas- 
ure of the mass of air inducted into the engine. The rela 
tions between the fuel-reir ratio and the maximum permis- 
sible inlet pressures are therefore of interest. 



10 



ligure 9 presents the recorded maximum permissible 
Inlet pressures and the corresponding maximum cylinder 
pressures as functions of fuel-air ratio. At the lover 
inlet-air temperature the maximum permissible inlet pres- 
sure first decreased and reached -a- minimum at a fuel-air 
ratio of approximately 0.065 to 0.07; although with fuel 
2, at the lower inlet-sir temperature the maximum permis- 
sible inlet pressure continued to decrease, reaching a 
minimum at a fuel-air ratio of about 0.105. With fuels 
1, 3, 4, 5, 6, and 7 at tho lower inlet-air temperature 
the permissible inlet pressure reached a maximum at a 
fuel-air ratio of approximately 0.09 and a second minimum 
at a fuel-air ratio of approximately 0.11. Again, the 
significance of these maximums and minimums is far from 
clear. At the higher inlet-air temperature, although the 
minimums at a fuel-air ratio of approximately 0.065 con- 
tinued to be clearly indicated, the maximums in the rich 
range either disappeared or became less marked. Again, 
vaporization of the fuel is suggested as a possible cause,' 
although the course of the combustion as it ie possibly 
affected by the inlet-mixture temperature must not be 
overlooked. Figure 9(c) presenta the results for the 
second series of tests on the reference fuels and on 
fuels 7 and 8. 

Specific fuel consumptions .- In figure 10 it is seen 
that at an inlet-air temperature of 250° I, within the 
limits of experimental error, a single ourve represents 
the indicated specific fuel consumption data for all 
eight fuels and for the S-l fuels. The indicated specifio 
fuel consumptions at the lower inlet-air temperature were 
the same as those at the higher temperature, within ex- 
perimental error. (See tables 711 and Till.) That is to 
say, any differences in the indicated specific fuel con- 
sumptions that resulted from a difference in the heat con- 
tents of the fuels were within the experimental error. 
The data for brake specifio fuel consumption shown in fig- 
ure 10 soattered considerably. ■ The reason for this scat- 
ter is that the friotion mean effective pressure is a 
function of the inlet pressure, as shown in figure 5. 

Because the brake specific fuel consumption is not 
dependent on the fuel-air ratio alone, the uee of brake 
specific fuel consumption should be avoided as much as 
possible in plotting fuel-rating curves. The situation 
is further complicated when single-cylinder data are com- 
pared with multioylinder data for, in the full-scale 
engine, the 1 supe roharger ie driven by the engine. A 
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possible method of overcoming the difficulty of determin- 
ing the indicated performance on the full-acele engine is 
to plot the,, curves as maximum permissible .air quantity 
inducted in pounds per oycle per cubic inch of engine dis- 
placement as a function of fuel-air ratio. 

In figure 11 the Indicated specific fuel consumption 
is plotted as a function of fuel-air ratio divided by the 
fuel-air ratio for complete combustion. Again, the varia- 
tion in the results caused "by the difference in the heats 
of combustion is apparently within the experimental error. 

Comparison of results with those recorded for other 
engines .- In figure 12 are shown the knock-limit results 
recorded at the Esso Laboratories of the Standard Oil 
Company of New Jersey for six of the eight representa- 
tive 100-ootane-number fuels. In general, the curves are 
similar to those determined on the Lycoming cylinder. In 
figure 13 are shown the Ssso data in comparison with the 
NACA data plotted on the basis of maximum permissible air 
a.uantity inducted per cyole per eubic inch of engine dis- 
placement as a funotion of fuel-air ratio. When the data 
from the Zsso Laboratories are compared with the NAOA 
data for an inlot-air temperature of 250° T, the curves 
for the three fuels listed check quite well. There is no 
Justification for using the NACA data at the inlet-air 
temperature of 250° J Instead of the inlet-air tempera- 
ture of 150° P, which is more closely in accord with the 
Easo Laboratories conditions, except that there seems to 
be better agreement of the NACA data if the higher tem- 
perature is used. The data indicate that good correlation 
oan be obtained between different engines under speoifio 
operating conditions. The operating conditions required 
to compare the data from one engine with those from a 
second may not, however, be the same as those required to 
compare data from the first engine with data from a third 
engine. 

Jigure 14 presents data determined at the NACA lab- 
oratories on a Wright G-200 cylinder. In all cases the 
performance was limited by knock, no afterfiring being 
recorded. The procedure in determining these data on the 
Q— 200 cylinder was the same as that on the Lycoming cyl- 
inder, with the exception that, in the Wright G-200 set- 
up, the engine operators were in a separate room from the 
engine. The knook was listened to by means of a micro- 
phone hung over the engine and attached to earphones in 
the operators* oompartment. 
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The curve for indicated specific fuel consumption 
(fig. 14) checks reasonably well with the corresponding 
curve recorded for the Lycoming oylinder for mixtures 
richer than 0.065. 

When the fuel-air ratio was decreased "below a value 
of 0.065 on the 0-200 cylinder, the maximum permissible 
indioated mean effective pressure increased in contradic- 
tion to the results recorded with the Lycoming cylinder. 

In general, the effects of changing the inlet-air 
temperature were the same in the Wright G— 200 cylinder as 
in the Lycoming 0-1230 cylinder (fig. 15). 

Figure IS presents data from the Ethyl Gasoline 
Corporation 17.6 engine (17.6 cu in. displacement) re- 
corded by the Sthyl Gasoline Corporation on NACA fuels 7 
and 8 and on S-l end S-l plus tetraethyl lead. Figure 17 
presents the same data plotted with fuel-air ratio as the 
abscissa. The fuel-air ratios in this case were estimated 
because air consumption data were not recorded. This es- 
timate was made in the following manner: Data were pre- 
sented by the Sthyl Gasoline Corporation (not included 
herein) for the meximum permissible boost pressure for 
S-l and S-l plus tetraethyl lead up to values of 6 milli- 
liters per gallon. These data were for the maximum knock 
mixture, that is, the mixture ratio which gave the high- 
est thermal-plug reading at a constant inlet pressure. 
Based on the data presented in this luport, this fuel-air 
ratio is assumed to be 0,07. From this assumption and 
the indicated specific fuel consumption recorded in the 
Ethyl Gasoline Corporation tests, the air, in pounds per 
hour, inducted into the engine as a function of the boost 
pressure was estimated. It was then further assumed that 
this curve of boost pressure against air flow did not vary 
with fuel-air ratio. Although this assumption is not ex- 
act, its accuracy is probably sufficient for the present 
purpose. The variation between the exact values of fuel- 
air re,tio and these estimated values is indicated by the 
spread of the data for specific fuel consumption as a 
function of fuel-air ratio, shown in figure 17, and pos- 
sibly in the spread of the curves of indicated specifio 
air consumption, although these curves might lie in the 
relative positions shown because of the difference in the 
hydrogen-carbon ratios and the heats of combustion of 
fuels 7 and 8. 
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The curves of naiinun permissible inlet pressure as 
a function of indioated specific fuel consumption (fig. 
16) show a similarity between, the. curves for the 8-1 fuels 
that ie not present for the other two fuels. In the 8-1 
fuels the curves incline as the mixture ratio is increased 
at a more or less constant rate until the mixture ratio 
reaohes exceedingly rich values. In these ourves of maxi- 
mum permissible inlet pressure the curve does not pass 
through the points to the same extent as the ourves drawn 
for the maximum permissible indioated mean effeotive pres- 
sure but is faired to give a smooth curve. Ourves for 
fuels 7 and 8 show first a rapid increase in the permis- 
sible pressure as the mixture is enriched and then a 
marked deorease in the slope of the ourve representing 
the experimental data, the slope of the line in this re- 
gion being less than that for the 8-1 fuel. As the mix- 
ture is enriohed beyond a fuel-air ratio of 0,10, the 
curves inoline more rapidly. The sharp increase in the 
maximum permissible inlet pressure in the extremely rich 
mixtures is quite marked. 

The general relation of the ourves for the two repre- 
sentative 100-ootane-number fuels as oompsred with the 
8-1 fuels is similar to that obtained in the HAOA tests. 
In eaoh esse fuel 7 over the range of fuel-air ratios be- 
tween 0.060 and 0.100 has a relative knock value about 
the same as that for 8-1 + 1.0 milliliter tetraetbyl lead; 
and, although the data are not shown on the Lycoming cyl- 
inder for 8-1 + 3.0 milliliter tetraethyl lead in figure 
8, it is estimated from figures 6 and 8 that the ourve 
for fuel 8 would show the same similarity in magnitude to 
the curve of 8-1 + 3.0 milliliters tetraethyl lead as do 
the curves for fuel 8 and 8-1 + 3.0 milliliters tetra- 
ethyl lead as reoorded on the Bthyl Gasoline Corporation 
17.6 cylinder. The deorease in permissible indioated mean 
effeotive pressure in the rioh region that is shown in the 
results presented in figures 16 and 17 is not -accompanied 
by a deorease in either the permissible inlet pressure or 
the estimated permissible air quantity lnduoted. In fact, 
the air quantity inducted, as estimated from the inlet 
pressure, continues to increase as the fuel-air ratio is 
increased. This increase is not sufficiently rapid to 
offset the drop in indioated mean effective pressure that 
ooours with rioh mixtures and, for this reason, the ourves 
of indicated mean effective pressure reach a maximum at 
fuel-air ratios of about 0 t 10. 
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COMPARATIVE OCTANE NUMBER OP FUELS TESTED AS DETERMINED 

OJT FULL-SCALE CYLINDERS 



The goal of rating fuels la to insure that all fuels 
of the same rating will have the same relative knock char- 
acteristics in all engines, regardless of Just what the 
actual performance is. Admittedly, in the present state 
of knowledge of fuel rating, this goal has not been 
achieved. Vith its present inadequacies the octane- 
number method of rating fuels has, however, "been quite 
advantageous to the dovelopment of aircraft engines and 
aircraft fuels. In the foregoing section of this report 
it has been pointed out that, although each of the eight 
representative fuels tested had an octane number of 100 
by the C.F.R. aviation method, the performance of the 
fuels in the different cylinders and under the different 
conditions of operation presented considerable variation. 
The most important factor to determine in relation to the 
fuel rating is the variation in the data obtained for any 
one fuel under the different conditions of the tests and 
the variation between the fuels. In the presentation of 
an analysis of this variation, the fuels are compared 
relative to S-l, that is, by octane number. 

Comparati ve performance of 8-1 plus tetraethyl lead . - 
In table VII are listed the maximum permissible indicated 
mean effective pressures recorded with S-l plus different 
quantities of tetraethyl load at the two inlet-air tem- 
peratures tested on the Lycoming cylinder. Table IX pre- 
sents data for the second run on the Lycoming cylinder for 
S-l and S-l + 1.0 milliliter tetraethyl lead. Immediately 
beneath the values of indicated mean effective pressure 
are given the relative values of the indicated mean effec- 
tive pressures with respect to S-l at the same engine 
operating conditions and at the same fuel-air ratio. 
These data are plotted in figure 18 so that the values at 
the two different inlet-air temperatures can be compered. 
Figure 18(a) shows the curves for leaded 0-1 at an inlet- 
air temperature of 350° F as determined in the first 
series of runs, together with the curve fox S-l + 0,5 
milliliter tetraethyl lead at the inlet-air temperature 
of 150° 3T. In figure 18(b) are the three curves recoided 
for S-l + 1.0 milliliter tetraethyl lead. Figure 18(c) 
shows the two curves recorded for S-l +3.0 milliliters 
tetraethyl lead and 18(d) shows the two ourves recorded 
for S-l + 3.0 milliliters tetraethyl lead at the two 
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inlet-air temperatures and all the curves for the leaded 
8-1 at an inlet-air temperature of 160° T. In figure 
18(e) are average curves for the leaded. Sri >. 

She curves at the tvo different inlet-air tempera- 
tures indicate that, for fuel-air ratios equal to or in 
ezoess of 0.07, the agreement between the data recorded 
at the two inlet-air temperatures is quite good. Tor 
lead quantities of 0.6 and 1.0 milliliter, the curves di- 
verge at the lean-mixture ratios. As has "been stated he- 
fore, too much confidence cannot he placed in the data 
for fuel-air ratio of 0.06 because the engine did not 
operate smoothly. at this fuel-air ratio. She average 
curves form a reasonably good family of. curves. In gen- 
eral, it can be said that over the operating range of 
fuel-air ratios, the agreement between the data at the 
two inlet-air temperatures is reasonably satisfactory. 

In table X for each fuel-air ratio at the two inlet- 
air temperatures there are tabulated the percentages of 
lnorease in relative indicated mean effective pressure 
for each 0.1 milliliter tebraethyl lead for ranges of 
tetraethyl lead from 0 to 0.6 and from 0.6 to 3.0. These 
data were determined from cross plots for the curves pre- 
sented in figure 18. Tor leaded quantities from 0.5 to 
3.0 milliliters tetraethyl lead, there is an increase in 
relative indicated mean effective pressure of 1.6 percent 
for eaoh 0.1 milliliter of tetraethyl lead. Tor the range 
from 0.0 to 0.5 milliliter tetraethyl lead, the increase 
in permissible relative indicated mean effective pressure 
varies with both the fuel-air r-tio and with the inlet- 
air temperature. 

Comparative performance of eight representative 100- 
octane.-number fuels .- Tables VIII, IX, XI, XII, and XIII 
list the maximum permissible values of indloated mean ef- 
fective pressure for the eight representative fuels under 
the different test conditions and the percentage values 
of these Indicated mean effective pressures compared with 
8-1 at the same operating conditions and fuel— air. ratios. 
The percentage values ere plotted in figure 19. As the 
fuel-air ratio is increased from 0.07, the relative indi- 
cated mean effeotive pressures of the fuels in general 
decrease so that, as the mixture is enriched, the relative 
values of the fuels approach more olosely the value of 
8-1. The C.T.R. aviation method of knock rating is deter- 
mined at the fuel-air ratio giving maximum thermal-plug 
temperature; this ratio, according to the temperature 
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curves recorded during these testa, should not he in ex- 
cess of a fuel-air ratio of 0.07. According to figure 19 
the variation of the relative performance at this ratio 
is as great as at the other fuel-air ratios. This fact 
is in accordance with the analysis presented in reference 
2. 

In only three cases, that is, with fuels 1, 2, and 3, 
did the relative performance of the fuel intersect the 
100-percent ordinate for S-l. With fuel 1 the intersec- 
tion occurred at a fuel-air ratio of ahout 0.12; with 
fuel 2, at a fuel-air ratio between 0.10 and 0.11; with 
fuel 3, at a fuol-air ratio of about 0.07 at the lower in- 
let temperature and at a fuel-air ratio of about 0.10 at 
both inlet-air temperatures. ffuels 4, 5, and 6 closely 
approach the value for S-l at the richest mixture tested. 

A comparison of the variation in the relative rating 
of the different fuels shows reasonably good agreement 
for the relative rating curves at the two inlet-air tem- 
peratures for fuels 1 through 6. The greatest divergence 
in relative values occurs with fuel 7. This divergence 
reaches a value of 24 percent, considering all the curves 
presented. There are admittedly more data for this fuel 
than for any of the other fuels tested. The maximum di- 
vergence for the runs on the Lycoming cylinder is approx- 
imately 18 percent and occurs at a fuel-air ratio of 0.07. 
There is good agroement between the shape of the curves 
for the two runs on the Lycoming cylinder at an inlet-air 
temperature of 250° ? and the run on the G-200 elyinder 
at an inlet-air temperature of 150° IT. At a temperature 
of 250° P on the 0—200 cylinder the data agree more close- 
ly with the data at 150° 7 inlet-air temperature on the 
Lyooming. The reason for this apparent reversal of the 
inlet-air-temperature effect on the two cylinders is far 
from clear but, according to the analysis presented in 
reference 2, such differences might be expected. In this 
relation, reference is made to figure 8 in which it is 
noted that the curve for 8-1 does not show a minimum at 
as low a value of fuel-air ratio as do the other fuels 
presented on this figure. This fact causes the ourve in 
figure 19 for fuel 7 for the 0-200 cylinder at 150° J to 
show a sharp increase in relative value between a fuel- 
air ratio of 0.06 and 0.07. 

Curves for fuel 8 for which data are presented on 
three different cylinders varying in displacement from 
17.6 to 202 cubic inches at approximately the same inlet- 
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air temperature show, in general, a high level of relative 
maximum permissible indicated mean effeotive pressure. 
There is a marked s imilAr.i-ty-b4tveen--tlie-da.ta determined 
on the Lyooming cylinder and those obtained with the Bthyl 
Gasoline Corporation 17.6 cylinder, with the exception 
-that the curve for the Bthyl Gasoline Corporation cylinder 
is shifted to the right by a difference in fuel-air ratio 
of approximately 0.01. This difference may possibly be 
attributed to inaocuraoiee in estimating the fuel-air 
ratio for the Bthyl Oasoline Corporation data. The data 
reoorded on the 0-300 cylinder do not show the deoline in 
the relative indicated mean effeotive pressure as the 
fuel-air ratio is deoreased below 0.07. 

In figure 20 are presented average curves for eaoh 
fuel together with the average curves for the leaded 8-1 
fuels. The data recorded for the Bthyl Gasoline Corpora- 
tion 17.6 cylinder have not been considered., from these 
average curves, values of ootane number for the different 
fuels have been determined and are reoorded in table XIV. 
The valuee for the fuels show, in general, an increase in 
relative octane number as the fuel-air ratio le increased 
from 0.05 to fuel-air ratios of about 0.07 to 0.08 and a 
decrease at the richer mixtures. Of particular interest 
in this table is the variation in ootane rating of eaoh 
fuel listed. The maximum variation, whioh occurs with 
fuel 8, is 1.0 milliliter tetraethyl lead. 

The variation in values of the octane ratings for 
any one fuel at the two inlet temperatures must also be 
considered (tBble XV). Tor fuels 1 and 2 the maximum ■■ 
variation at any one fuel-air ratio is 0.3 milliliter 
tetraethyl lead. Tor fuel 3, if the value of fuel-air 
ratio of 0.05 is neglected, the maximum variation is 
from 99-ootane number (estimated) to S-l + 0.3 milliliter 
tetraethyl lead. A drop of one ootane number below 100 
represents about the same decrease in performance as the 
Increase obtained through the addition of 0.1 milliliter 
tetraethyl lead above 100-octane number. It is therefore 
estimated that the maximum variation for fuel 3 is 0.4 
milliliter tetraethyl lead. The maximum variation for 
fuel 4 le 0.3 milliliter tetraethyl lead. In fuel 5 the 
maximum variation reaches a value of 0.6 milliliter tetra- 
ethyl lead, if the value at a full-air ratio of 0.05 is 
negleoted. Tuel 6 shows the least variation of any of 
the fuels, having a maximum variation of 0.1 milliliter 
tetraethyl lead. Tuel 7 shows the greatest variation of 
all of the fuels for whioh a comparison can be made; this 
variation is 0.90 milliliter tetraethyl lead at a fuel- 
air ratio of 0.07. 
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One fact that oust be emphasized in thie analysis of 
the octane number of the fuels is that the fuels are all 
being compared with the experimental data for 8-1. Tor 
this reason, any error that ooours in the curve for S-l 
will oo our in the octane numbers for the different fuels. 
Tigure 7 shows that the four points for S-l in the lean 
region are so scattered that a smooth curve cannot be 
drawn through the points. The construction of this curve 
will, of course, affect the fuel ratings in the range of 
fuel-air ratio from 0.05 to 0.07. Bating the fuels from 
a comparison with S-l introduces the error that occurs in 
the curves for the unknown fuels as well as any error 
that ocours in the ourve for the S-l fuel. This accumu- 
lation of error is unavoidable if the fuels are rated by 
ref arenas to a standard fuel or fuels. The errors re- 
sulting from any error in the S-l curve occur in the data 
for eaoh of the fuels, for this reason, the comparison of 
the variation of the eight fuels among themselves is valid, 
even though the actual values may be in error. Tor the 
present analysis, the comparison of the fuels among them- 
selves is more important, for the primary interest is in 
the variation of the fuels when compared with eaoh other, 
and not in the variati on with the fuels from the 8-1 ref- 
erence fuel. 

Comparison of fuels based on constituents.- In table 
XVI a tabulation is made of the fuels in descending order: 
first, the percentage of aromatlos; second, the percentage 
of naphthenes; third, the percentage of paraffins; and, 
finally, in order of descending merit as shown. from the 
knock - test data as given in figure 20. There seems. to 
be no agreement between the percentage of the constituents 
and the order of merit. Just how valid this comparison ■ 
is, it is difficult to state, More data on the knoot 
characteristics of pure hydrocarbons and the blends of 
pure hydrocarbons are needed to determine the effects of 
these constituents. 



CONCLUSIONS 



1. The. data presented In this report have shown 
that varying the inlet-air temperature changes not only 
the level of the knocks-limit curves of the fuels tested 
but also the shape of the .curves for these fuels. A com- 
parison Of the data from different engine cylinders shows 
that differences occur -in the elopes of these curves in 
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the region of fuel-air ratios from 0.07 to 0.12, apparent- 
ly in a manner similar to that whloh ocours. through chang- 
ing the inlet-air temperature in a given engine cylinder. 
She data "indicate that, in canes where the maximum permis- 
sible indicated mean effective pressure reaohee a maximum 
at fuel-air ratios between 0.08 and 0.10, this maximum is 
a funotion of the engine operating oonditions as well as 
of the fuel. 

2. She data indicate that the fuels whloh have the 
same octane number according to the O.T.H. aviation method 
may have markedly different octane numbers when tested in 
a full-scale single-cylinder engine. This variation may 
ooour over the full range of fuel-air ratios that may be 
encountered in service operation. Among the eight 100- 
ootane-number fuels tested, the maximum permissible in- 
dicated mean effeotive pressure at a fuel-air ratio of 
0.08 had a low value of 106 percent relative to 8-1 and 

a high value of 152 percent relative to 8-1. 

3. The data show that the ootane number of this 
series of fuels will vary for any one fuel in any one 
oylinder as the fuel-air ratio is ohanged. 

4. The data indicate that the addition of aromatios 
to the fuels (fuels 4 and 8) does not present any serious 
disadvantages from considerations of knock. In no case 
did the run 8 made with the fuels containing aromatios 
show preignition, although afterfirlng was present for 
one of the fuels. This afterfirlng was eliminated by 
changing the type of spark plug. 

5. The type of spark plug apparently has no effect 
on the knock rating of the fuel, provided that preigni- 
ti on does not occur. 

6. The data indicate that the knock characteristics 
of the fuels could not be classified according to the per- 
centage of naphthenes, paraffins, aromatios, or olefins 

in the fuels. 
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TA3L3 I 
COMPOSITION QF FUELS TESTED 



Fuel 


Identi- 
fication 


Amount of 
TEL per 
gal (ml) 


Composition 


Average 1 octane 
number by C.F.B. 
aviation method 


1 


PD-1393 


3.06 


54 percent hydro oodimer blending 
agent in straight run 74 base 


99.9 


2 


PD-1458 


6.17 


53.7 percent alkylate blending 
agent in straight run 74 base 


99.8 


3 


PD-1479 


3.06 


52.6 percent alkylate blending 
agent in straight run 74 base 


99.7 


4 


PD-1SS2 


2.98 


46 percent alkylate blending 
agent in hydrof ormed base 


99.4 


5 


PD-1564 


2.97 


42 percent alkylate blending 
agent in Houdry base 


100 + 0.05 


6 


FD-1563 


8.96 


40 percent hydrocodJner blending 
agent in Houdry base 


100 + 0.02 


7 


L-5151 


2.74 


60 percent phosphorio acid iso- 
octane blending agent in 40 
percent light naptha 


100 


8 


L-5152 


2.79 


70 percent phosphorio aoid iso- 
octane blending agent in 15 
percent light naptha and 15 
percent benzol. 


100 



-Average of determinations of four laboratories, 
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TABLE II.- CHARACTERISTICS OF THE COMPONENTS OF FUELS 1 TO 6 2 



[Data from Standard Oil Development Company] 



JJcfaOX xp uXUU 


Base stocks 


Blending agents 


Straight run 
74 


Hydro- 
formed. 


Houdry 


Hydrocodimer 


Alkylate 


Code letter 


E 


X 


K 


0 


u 


H 1 


L 


K 


lT.r»o"iri T ir A "D T 


67.2 


67.2 ' 


^7 Q 


6q 3 


71.7 


71.6 


73.6 


72.4 


ricxu. vctpui pi CooUl C 


6.4 


6.4 


7 n 


O. <-> 


7.6 


7.1 


6.3 


6.7 


Amount of TEL per gallon, ml 


•J . X-> 




P Qft 


P Q7 




2 Q5 


2 98 


6 05 


Tni + ial Trin i "1 i ~» cr nnl nt OTP 
XilX liXdX UUXXXilJi, puXXiUj £ 


1 PP 


1 00 
xc-<- 


_tX«-> 


xuu 


1 Oft 


91 


111 


108 




















X_vO £ .....a... 


13 5 


13 5 




41. U 


17.0 


19.0 


15.0 


16.5 


1(0 • 








K7 n 




25 0 






£iUO > • • • 


56 0 


56 0 




70 0 


32.5 


33,0 


40.5 


37.5 


0~\ 0 

£-X<- ......... 


66.0 


66.0 


R7 n 


7R n 


36.0 


37.0 


47.5 


43.5 


PR7 

/ ......... 






^7 n 


no n 
yc, u 






Q7 R 




yu percenii ai>, u r , . * . 
r xnax uoxxing poxnxi, r . . 






OOP. 




233 


233 


238 


234 


298 


298 


355 


298 


248 


249 


257 


271 


Percentage recovery . . . 


97.0 


97.0 


99.0 


98.0 


97.0 


98.0 


97.5 


97.5 


Percentage loss .... 


2.0 


2.0 


0.5 


1.6 


2.0 


1.0 


1.0 


1.5 


C.F.R. aviation method 


















octane number 






90.2 


95.0 




100+0.84 


100+0. 63 


100+2.1 


Approximate composition? 


















Percentage aromatice 


5 


5 


28 


10 


0 


0 


0 


0 


Percentage naphthenes 


50 


50 


20 


15 


0 


0 


0 


■ 0 


Percentage paraffins 


45 


45 


50 


70 


100 


100 


100 


100 


Percentage olefins 


0 


0 


2 


5 


0 


0 


0 


0 



3 

2! 
ro 



NACA 



Table 3 



TABLE III 



CHARACTERISTICS OF FUELS 1 TO 6 
[pat* from Standard Oil Development Company] 



NACA fuel 



Fuel type 



Straight 

run 
+ hydro - 
codimer 
+ 3 ml 



Straight 

run + 
alkylate 

+ * ml 



Straight 
run + 

alkylate 
+ 3 ml 



Hydroformed 
+ alkylate 
+ 3 "1 



Houdry + 
alkylate 
+ 3 ml 



Composition, percentage 
blending agent In base 
stock (see table II) . . 

Gravity, A.P.I 

Reld .apor pressure ... 
Amount of TEL per gallon, ml 
Initial boiling point, °P. 
Percentage at - 

158°F 

176 

203 

212 

257 

90 percent at, °F .... 
Final boiling point, °F . . 
Percentage recovery. . . . 
Percentage loss 

Army gum ..••»«.. 
Copper dish gum, mg/lOO ml 
Copper dish corrosion . . 
A.S.T.M. gum, mg/lOO ml . 
Net heat content, Btu/lb . 

C.F.R. aviation method 
octane number by - 

Laboratory 1 

Laboratory 2 

Laboratory 3 .... . 
Laboratory 4 

Approximate composition: 
Percentage aromatics . . 
Percentage napthenee . . 
Percentage paraffins . . 
Percentage olefins ... 

Trial blends^ percentage 
from - 

Laboratory 1 .... . 

Laboratory 2 

Laboratory 3 

Laboratory 4 • . • « * 

Average . 



54H In E 

69.5 
6.7 
3.06 
108 

16.0 
25.5 

"iiilo'* 
97.0 

240 
277 
98.0 
0.9 



4 

Pass 



100+0.02 
99.6 



2 
23 

75 
0 

H In E 



•8 

54 
55 



33 -7K In X 

68,7 

6.5 
6.18 
ill 

15.0 
28.0 
51.0 



52. 6L in 

70.6 
6.4 
3.05 



58. 

94. 
250 
290 

97. 
1. 



18 

DNF 
2 

18,947 



112 
15. 

St: 

& 
248 
2§8 
98.0 
1.2 



3 

DOT 



99-9 
99.9 
99.9 
99.5 



0 

K In X 

32 
°19 
36 
33 



54 

5P 
54 
52 



I4.6L In R 

*4-4 
6.7 
2.98 
106 

22.0 
33-0 
S7.O 
53.0 
87.O 

266 
342 
98.0 
l.o 



DOT 

«••«*•« 

18,379 



5.0 

1..0 



99-5. 99.2 
99.5, 99.7 
100 

100+0.04 



2 

«!* 
74 
0 

L in E 



99.2, 99.7 

"97.6, 98.0 
100 



15 
11 
73 
1 

L in R 



52 

s 

40 



42L in 8 

71.1 

7.1 

2.97 
100 

33.0 
42.5 
58.0 
64.0 
94.0 

246 

279 
98.0 
0.8 

5.0 
5.0 

DOT 



100+0.05 
100 



100+0.10 



6 

a2 
3 

L in S 



54 



34 



53 



46 



42 



'These results appear to be low inasmuch as 6 percent more alkylate was used in the blend 

than was originally indicated to be necessary by laboratory 3> 
hTrlal blend* resulting In 100 octane number with tetraethyl lead. 
°This value omitted in average. 
"-Received too late to be included in average. 

•value of 40 percent used in blend because result from laboratory 2 appeared low. 



TABLS IT 
COMPOHIITiES 07 FUELS 7 AFD 8 
£Bata from Standard Oil Company (Indiana)] 





Fuel 7 


Fuel S 


Amount of TIL per gallon, ml 




2.79 




0 


15 






15 


Percentage iso-octane "blending agent. 


60 


70 


C.F.E. aviation method octane number "by 




100+0. oU 




100+0.03 




99-5 


99.6 




100+0.01 


100+0.02 






99. 8 



TABLE V 



CARBON-HTOROGEN RATIOS AND FEATS OF COMBUSTION OP NACA FUELS AND S-l 
[Heat of combustion determined at constant vo.lume] 



Fuel 


C/h 


c 

(percent) 


E 

(percent) 


tt fn 
n/ u 


F/A for 
complete 


Gross heat 
of corauustion, 


Gross heat 
of combustion, 
(Btu/lb) 


nroduced per 
gram fuel 
burned 


Heating cor- 
rection per 
gram fuel 
cal/pram) 


Net heat 
of com- 
bustion, 
(cal/grani 


Net heat 
! of com- 
bustion 
(Btu/lb ) 


1 


5-31 
^.32 


33.72 
33.37 


15. 78 
15.77 


0.188 
.188 


O.0660 


11,406 
11,445 
11 434 


20,531 
20,601 
20,581 


1.41 
1.41 


762 
762 


10,666 


19, 200 


2 


5-32 
5.36 


314.03 

84.10 


15.30 
15. &9 


.188 
.186 


.0661 


H.394 

1 J., 1400 
11,1408 


20,509 
20,520 
20,534 


1.41 
1.4o 


762 
758 


10,641 


19,150 


3 


5. 24 
5.26 


84.0 
33.91 


16.0 
15.91 


.191 
.190 


.0653 


11,463 
11.425 
11,439 


20,633 
20,565 
20,590 


1.43 

1.42 


772 
768 


10,672 


19, 210 




5.92 

5. ss 


85,18 
85. 10 


14.41 
14.49 


.I69 
.170 


.067U 


11,133 

11,173 
11,173 


20,138 
20,111 
20.120 


1.29 

1.29 


693 
698 


10,481 


18,870 


5 


5.44 

5.47 


S3-b7 
84.45 


15-37 
15.45 


.184 
.183 


.0663 


11,628 
11,623 
11.592 


20,930 
20,921 
20,866 


1.38 

1.38 


744 
744 


10,870 


19*570 


6 


5.52 

5.46 


S4.18 
84.44 


15.26 
15.43 


.181 
.18J 


.066H 


11.432 
11,^30 
11,500 


20.578 
20,574 
20,700 


1-37 
1.35 


733 
744 


10,713 


19,270 


7 


5-27 
5.27 


82. 96 
83.77 


15.78 
15. 92 


.190 
.190 


.0658 


11.437 
11,431 
11.457 


20,587 
20,576 
20.623 


1.41 
1.42 


760 
766 


10,679 


19-.220 


8 


5.63 
5.65. 


SU. S3 

84.31 


lit. 95 
14. 94 


.176 
•177 


.0667 


11,194 

11,193 
11.198 


20.149 
20,147 
20.156 


1.34 
1.34 


723 
723 


10,472 


18*860 


S-l 


5.24 

5.20 


33.75 
33.53 


15.99 
16.08 


• 191 
.192 


.0657 


11.403 
11,447 
11,370 


20,525 
20,605 
20,466 


1.42 
1.42 


766 
766 


10,641 


19-150 



TABLE VI 

EFFECT OF SPARK-PLUG TYPE AND ADDITION OF CENTER-ELECTRODE THERMOCOUPLE 
ON KNOCK LIMIT OF S-l FUEL + 3.0 ML TETRAETHYL LEAD 
[Lycoming 0-1230 cylinder; engine speed, 2000 rpm; spark advance, 27°; inlet-air tempera ture,l50°F] 



2 
> 

n 
> 



Fuel- 
air 
ratio 



Maximum 
permissible 
inlet pres- 
sure 
(ln.Hg) 



Indicated 
mean ef- 
fective 
pressure 
(lb/sq in. ) 



Indicated 
fuel con- 
sumption 

(lb/ihp-hr) 



Engine temperature 



Intake 
air 

(°F) 



Oil out 
(°F) 



Coolant 
in 
(°F) 



Spark plugs 



0.0709 
.0705 

.0711 
.0706 
.0685 
.0702 

.0691 
.0694 
.0680 

.0700 



53.2 
53.4 

53.1 
53.2 
54.6 
54.2 
54.2 
54.4 
55.1 
54.5 



300.9 
301.5 

300.1 

300.4 
303.7 
303.3 
302.3 
302.4 
303.0 
306.0 



0.411 
.404 

.401 
.403 
.398 
.403 
.401 
.404 
.399 
.406 



147.2 
147.2 

149.0 
149.0 
147.2 
150.8 
149.0 
150.8 
149.0 



166 
165 

165 
166 
165 
166 
165 
165 
166 



248.0 
248.0 

249.8 
246.2 
246.2 
246.2 
249.8 
248.0 
248.0 



New Bendix 41-G spark plug 
with thermocouple and new 
Bendix 41-G spark plug 
without thermocouple 

New Bendix 41-G spark plug 
with thermocouple and old 
Bendix 41-G spark plug 
with thermocouple used 
about 130 hours 

Two new Bendix 41-G- spark 
plugs 

Two new BG 344-S spark 
plugs 

Two new Bendix 300-A1 

spark plugs 
Two new Champion R-J2 

spark plugs 
Two new Champion R-J7 

spark plugs (hot plug) 
Two new BG 3B-2 spark 

plugs 

Two new Bendix 41-G spark 
plugs (check running) 

Bendix 41-G used about 
130 hours (one with 
thermocouple and one 
without) 



S 1 
cr 

en 



NACA TABLE VII Table 

RELATION BETWEEN FUEL-AIR RATIO AND MAXIMUM PERMISSIBLE PERFORMANCE OF 8-1 AND 
S-l PLUS TETRAETHYL LEAD AT TWO INLET -AIR TEMPERATURES 
{Lycoming 0-1230 cylinder; data from fig.tf) 



Fuel- 
air 
ratio 


Indicated 
specific 
fuel con- 
sumption 
( Ib/hp-hr ) 


In the tabulated data below, the upper value gives the 
imep,in lb/sq in., and the lower value gives the imep 
relative to S-l, in percent 




S-l +0.5 i S-1+ 1.0 1 S-l + 2.0 1 S-1+ 3.0 I S-l 



0.05 


0.385 


185 
123 


201 
134 


225 
150 


230 
153 


150 
100 


.06 


.365 


193 


208 
ion 


222 

1 0.1 
JLtX 


245 


157 


.07 


.400 


197 
118 


213 
128 


232 
139 


257 
154 


167 
100 


.08 


.465 


207 
112 


223 
121 


248 
134 


271 
146 


185 
100 


.09 


.535 


216 
109 


236 
119 


259 
130 


284 
143 


199 

100 


.10 


.610 


221 
108 


245 
120 






204 
100 

205 
100 

207 
100 





— 


.11 


.690 












.12 


.775 



















In] 


et-air tenroer 


ature. 150° 








0.05 


0.395 


208 
112 


226 
122 


256 
138 




105 

100 










.06 


.375 


o o a 
118 


240 
126 


268 
140 


297 
155 


191 

100 


.07 


.405 


233 
117 


249 
125 


279 
140 


305 
153 


200 
100 


.08 


.460 


236 
113 


253 
122 


285 
137 


310 
149 


208' 
100 


.09 


.530 


236 


256 
121 

257 
122 


261 
133 

272 
129 




211 
100 

211 
100 


112 




.10 


.600 


235 
111 




.11 


.685 


234 
111 


257 
122 






211 
100 

211 
100 






.12 


.775 















ll- 

I 

io 

05~ 

06 
07 
08 
09 
10 
11 
12 

05 
06 
07 
08 
09 
10 
11 
12 

Bqua 



TABLE VIII Table 8 

FUEL-AIR RATIO AND MAXIMUM PERMISSIBLE PERFORMANCE 0? 
S 1 TO 7 COMPARED WITH VALUES FOR S-l 
1230 cylinder; data from figs, 6 and */| 



In the tabulated data below, 
imep, in lb/sq in., and the 
relative to S-l, in percent 



the upper value gives the 
lower value gives the imep 



Fuel 1 I Fuel 2 iFual 3l Fuel 4 



Fue l 5 



Fuel 6 I Pu«l g 



ir tenra 


erature. 


S5Q° F 














182 
121 


144 

96 


180 

' 120 


181 
121 




184 
123 


150 
100 










189 
120 


180 
115 


151 
96 


181 
115 


a l99 
127 


a 202 
129 


182 
116 


157 
100 


a 204 
122 


163 
110 


169 
101 


a 207 
124 


a 211 
126 


a 211 
126 


185 
111 


167 
100 


a 221 
119 


200 
108 


190 
103 


a 217 
117 


a 219 

lie 


a b 228 
123 


a b 228 
123 


185 
100 


a 232 
117 


201 
101 


200 
101 


a 220 
111 


a 22l 
111 


a 231 
116 


a 234 
118 


199 
100 


a 229 
112 


200 
98 


202 
99 


219 
107 


216 
106 


a 227 
111 


a 229 
112 


204 
100 


221 
108 


199 
97 


198 
97 


218 
106 


207 
101 


219 
107 


a 222 
108 


205 
100 


198 
96 


190 
92 




217 
105 




211 
102 




207 
100 









ir temperature. 150° F 



a 215 


204 


a 209 


a 217 


116 


110 


113 


117 


a 228 


220 


211 


a 230 


119 


115 


110 


120 


a 241 


229' 


213 


a 238 


121 


115 


107 


119 


a 246 


230 


215 


a 242 


118 


111 


103 


116 


a 243 


224 


215 


a 239 


115 


106 


102 


113 


a 236 


217 


211 


230 


112 


103 


100 


109 


225 


209 


206 


215 


107 


99 


98 


102 


211 


218 


198 


222 


100 


103 


94 


105 



l 225 
122 

*233 
122 



228 
114 

a 247 
119 

*241 
116 

227 
108 

a 234 
111 



a b 



238 
129 

*235 
123 

*246 
123 



a b 



*252 
121 

247 
117 



*240 
114 

232 
110 



223 
106 



a b 



a b 



232 
125 

244 
128 



a b 



a b 



a b 



257 
129 

265 
127 

258 
122 

*248 
118 

*238 
113 



s of S-l ♦ 0.5 ml TEL* 
3 of S-l + 1.0 ml TEL. 



TABLE IX 

RELATIOH BEFWE3H FUEL-AIR RATIO AHD MAXIMUM PERMISSIBLE PERFORMANCE 
Car EACA FUELS 7 AND 8 COMPARED WITH VALUES FOR 
S-l AUD S-l + 1.0 ML TECTRAETHZL LEAD 



[Lycoming 0-1230 cylinder; inlet-air temperature, 250°F. Data from figure 8] 



Fuel-air 
ratio 


Indicated 
speoific 
rue j. can— 
sumption 
(Ib/hp-hr) 


In the tabulated data below, the upper value 
gives the imep,in lh/sq. in., and the lover value 
gives the Imep relative to S-l, in percent 


Fuel 7 


Fuel 8 


S-l 


S-l + 1.0 


0.05 


0.380 


200 




234 


— 





.06 


.375 


198 


*233 


176 


212 






113 


132 


100 


120 


.C7 


.420 


208 


a 268 


179 


220 






116 


150 


100 


123 


.08 


.480 


a 234 


a 291 


188 


230 






126 


156 


100 


124 


.09 


.550 


e 240 


G 297 


194 


235 






124 


i::3 


100 


121 


.10 


.625 


a 236 




198 


235 






11S 




100 


119 


.11 


.720 


^30 




200 


235 






119 




ICO 


119 


.12 


.800 























"Equal to or in excess of S-l + 1.0 ml TEL 



TABLE X 

PERCSITTAGE DrCKuA.SE IN IKDI GATED IiEAIT EEFECTI7E PRESSURE 
■HELATI7E TO S-l TOR EACH 0.1 ML TETBAETHYL LEAD 



[Data frcan fig. IS] 







Range TEL 
ml per gallon 






0.0 to 0.5 


0.5 to 3.0 


Inlet-air tern 
poraturo °P 


~ 250 


150 


250 


150 


Fuel-air 
ratio 


Fercontago incroasc in Lnop 


0.06 


h.z 


3-6 


1.5 


1.5 


.07 


3.6 




1-5 


1-5 


.02 


z.h 


2.6 


1.5 


1-5 


.09 


1.8 


a.U 


1-5 


1-5 



TABLE H 

RELATION BETWEEN FUEL-AIR RATIO AND MAXIMUM PERMISSIBLE PERFORMANCE 
GF HACA FUELS 7 AND 8 COMPARED WITH VALUES FOR 8-1 



[Wright Q-200 cylinder; inlet-air temperature, 250° F. Data taken from fig. 34] 



Fuel-air 

Xttu 1U 


Indicated 

fuel con- 
sumption 

(lb/hp-hr) 


In the tabulated data below, the upper 
value gives the lmep, in lb/sq. In., and 
the lover value gives the imep relative 
to S-l, In percent 


Fuel 7 


Fuel 8 


S-l 


0.05 


0.375 


158 


210 


142 






118 


148 


100 


.06 


.375 


144 


170 


115 






125 


148 


100 


.07 


.420 


143 


166 


112 






125 


147 


100 


.08 


.480 


180 


215 


139 






130 • 


155 


100 


.09 


.555 


199 


239 


163 






121 


147 


100 


.10 


.525 


208 


255 


175 






117 


145 


100 


.11 


.715 






... 



TABLE 21 I 

relation" betttesst 1'uel— alst ratio a2td itaxiluh fsemissible 
ehhtoriiance of s-i and naoa fuel 7 



[Wright G~200 cylinder; inlet-Rir temperature, 150° P. 
Date from fip. 15] 



Fuel— air 
ratio 


In the tabulated data telow, the upper vrJuo 
gives the imep, in lh/sq in., and the lower 
value pives the imep relative to S-l, in 
porcent 




S-l 


SV.el 7 


0.05 


175 
100 


£03 
119 


.06 


1S5 
100 


197 
119 


.07 


loC 

IOC: 


216 
135 


.OS 


177 
100 


£29 
129 


.09 


191+ 

100 


232 
120 


.10 


139 

100 


232 
117 


.11 


20U 

100 


233 
114 



TABLE XIII 

RELATION BEraESQT ESTIMATED FUEL-^AIR RATIO AHD liAXIKUM 
PERMISSIBLE PERFORMANCE 07 NACA FUELS 7 AND S 
COMPARED WITH VALUES TOR S-l 



Cfithyl Gasolin* Corporation 17,6 cylinder; engine speed, 27OO rpm; spark 
advance, 20° B.T.C.; inlet-air temperature, 225° F; inlet coolant temper- 
ature, 2U0° F; compression ratio, 7.7. Data from fig. 17] 



Fuel-air 
ratio 


In the tabulated data "below, the upper value gives 
the imep, in lb/sq. in., and the lower value gives 
the imep relative to S-l, in percent 




Euel 7 


Fuel 8 


S-l 


0.07 


226 
118 


266 
139 


191 

100 


.08 


236 
120 


290 
llr8 


196 
100 


.09 


2hs 
12h 


309 
155 


200 
100 


.10 


2^5 
121 


319 
158 


202 
10c 


. .11 


23I+ 
116 


30U 
lUg 


201 
100 


.12 


221 
112 


290 
1U6 


198 
100 



TABLE HV | 

I 
I 

OCTAHE NUMBER OF EIGHT EEPRESEHTATIVE 100-0 CTAHE-NUHBER j 
JOELS WEEN DETERKIMED FROM AVERAGE RELATIVE CURVES OP 
INDICATED MEAN EFFECTIVE PRESSURE 



[All values are S-l plus rocordod ml totraothyl load per gallon. Data from fig. 20] 



Fuol-air 
ratio 


Fuel 1 


Fuel 2 


Fuel 3 


Fuel k 


Fuel 5 


Fuel 6 


Fuel 7 


Fuel 8 


0.05 


0.5 


O.U 


0.2 


0.5 


0.7 


1.1 


- 0.7 


2.3 


.06 


.5 


.1* 


.2 


.5 


.7 


.9 


.6 


2.5 


.07 


•7 


.1* 


.2 


.6 


.8 


.9 


.9 


3.2 


.08 


.8 


.k 


.2 


•7 


.9 


1.0 


1.3 


3.2 


.09 


.8 


•3 


.1 


.6 


.7 


.9 


1.0 


3.3 


.10 


.6 


.1 


.0 


.U 


.h 


.7 


.8 




Variation 
ml TEL 


.3 


.3 


.2 


• 3 


• 5 




•7 


1.0 



(CABLE XV 



i 



COHP-iBISOST OF OCIAIIE KUI-BZRS OF EIGHT H3PHESEKTATIYS lOO-OCTAHE 3PDELS 



[Lycoming 0-1230 cylinder; all values except those markod with foot- 
note (a) ero S-l plus recorded ml tet methyl load per gallon. 
Data from figs. IS and 19] 



Inlot-alr 
teapor- 


Fuel 1 


Fuol 2 


Fuel 3 


Fuel U 


Fuol 5 


Fuol 6 


Fuel 7 


Fuel 8 


Naturo, 
Fuol- n°f 

air x. 

ICUlv 


250 


150 


250 


150 


250 


150 


250 


150 


250 


150 


250 


150 


250 


150 


i 

250 


150 


0.05 




0.6 


O.U 


0.5 


(•-0 


0.5 


o.U 


0.7 


O.U 


1.0 




1.U 


0.5 


1.1 






.06 


0.1+ 


.6 


•3 


.H 


(a) 


■3 


•3 


.6 


.8 


•7 


0.8 


•9 




1.1 


0.8 




.07 


.6 


•7 


•3 


.U 


0.0 


.2 


.8 


.6 


1.0 


• 5 


1.0 


.9 


•3 


1.2 


2.6 




.08 


.9 


.8 


.k 


.4 


.1 


.2 


.8 


.6 


.8 


.8 


1.1 


1.0 


1.1 


1.3 


3-2 




.09 


■ .8 


.7 


.2 


•3 


.0 


.1 


.6 


•5 


.6 


•7 


.8 


.8 


1.0 


1.2 


3.6 




.10 


.6 


• 5 


.0 


.2 


(a) 


.0 


• 5 


•5 


.U 


.U 


.6 


.6 


•7 


, -3 







Values estimated to be 99 octane number. 



SABLE XVI 



COMPARISON OF FUELS BASED ON CONSTITUENTS ABD OH PERFORMANCE 



Fuels arranged 
according to 
percentage 
arconatios 


Fuels arranged, 
according to 
percentage 
naphthenes 


Fuels arranged 
aocordlng to " 
percentage 
paraffins 


Fuels arranged 
according to 
knook llmlt a 


Percentage 
aromatios 


Fuel 


Percentage 
naphthenes 


Fuel 


Percentage 
paraffins 


Fuel 




15 


4.8 


33 


2 


96* 


7 


8 


6 


5.6 


24 


3 


83* 


8 


7 


3 


2 


23 


1 


82 


5.6 


6 


2 


1.5 


11 


4 


75 


1 


1 


0 


7 


9 


5.6 


74 


3 


5 






4 


7 


73 


4 


4 






2 


8 


64 


2 


2 
3 



a Data from figure 20. 

kpiuB traces of unsaturates. 



Temperature *F 



i 

■ a 

* 

• ►* 

ctH 

:r 

«+ H- 

cr o 
»< a 

H 

O 




s 



Flgura 5. 



Iffect of intake o~46 
prenure on friction, (n 
Lyoo»lng 0-1830 cylinder; 
angina epeea, 2000 rps", coolant 
inlst temperature, 850°r; com- 
preeeion ratio, 7.0; inlet-air yf^? 
te«perature,Z50°r. . 




30 35 40 45 50 55 
Intake pressure, in. Hg abs 



60 65 



IACA 



J-lga. 3,3,4 



" 3-ujolj valve 



Sur-ye tank 




L 



3 "ID. pipt 



/-;pt v. S'.'.D. 




I 



5.5 cuff 



£" /D. pipe 
=(]]=» 



Inlet-air theraoeouple 

IbtriMtir, 3*. In. bale* bettoa of tuk 

Mixture therBoeouplo, 5jL In. from ocntar lint of Intake ralre 
lajeotlon valre, 9p. In. froai oenter lina of Intaka ralxe 
M pa, 2 In. I.D., UijL In. In length 

■xhauet theraoooaple, 3^ 1". from aantar Una of exheuat ealre 
Pipe, 1?. in. I.D., 9* in. In length 



> Plpa, 3 In. I.D.. 7i la. In length 



Plpa, 3 In. I.D. to 5 la. I.D., U In. In length 
Plpa, 5 In. I.D., ll£ la. along oenter Una 



F '&uirt A/?f.AA/(~£-^.£hjr of Laboratory zawPfneNr. 




1*01 



rigs. e,io 



340 




07 .09 



.11 



.13 



.11 .05 
Fuel -air ratio 

Tlgure 6.- Iff oct of inlet-sir temperature on relation between fuel-air ratio and maxisua 

permissible Indicated aean effective preseure for 8-1 and 8-1 plue tetraetnyl lead. 
Lycoming 0-1330 cylinder; engine speed, 2000 rpm; spark advance, 37°; coolant Inlet temperature 
350°r; compreasion ratio, 7.0. 



180 




80\ 1 1 1 I I I I I I I I I I I 1 I I I I I 

.03 .05 .07 .09 .11 .05 .07 .09 .11 .13 

Fuel-air ratio 

Figure 30.- Average relative indicated aean effeotire preseure with respect to t-1 for IA0A fuels . 
and 8-1 plus tetraetnyl lsad. 




.03 .05 .07 .09 



.11 .05 .07 

Fuel-air ratio 
(a) NACA fuels 1, 2, 3, and 4. 



13 




.07 



.03 



.07 



.03 



.11 



.11 .05 
Fuel -air ratio 
(b) IAC1 fuels 5, 6, 7, and 8. 
Figure 7 - Iffact of inlst-air temperature on relation between fusl-alr ratio and maximum 

peraiaeible Indicated mean effective praaaure. Lycoming 0-1330 cylinder; engine 
speed, 3000 rpm; spark advance, 37°; coolant inlat temperature, 350°; compression ratio, 7.0. 



.13 



Fig. 8,10 
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Figure 8. -Effect of fuel- 
air ratio on the 
maximum permissible per- 
formance of fuels 7,8, S-l, 
and S-1+ 1 ml TEL. Lycoming 
0-1230 cylinder; engine speed, 
2000 rpmjspark advance, 27°; 
coolant temperature ,250 0 F; 
compression ratio,7.0;inlet- 
air temperature, 250°F. 
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(a) NACA fuels 1 to 8. 

(b) S-l and S-l plus 
teeraethyl lead. 

Figure 10. -Relation between 

fuel -air ratio 
and specific fuel consump- 
tion for different fuels. 
Lycoming 0-1230 cylinder; 
engine speed, 2000 rpm; spark 
advance, 27°; compression 
ratio,7.0;inlet-air tem- 
perature ,250°F;coolant 
inlet temperature, 250°F. 



.04 .05 .06 



Fuel-air ratio 




> 



.05 



.07 



.09 ,.// .05 .07 .09 

(a) Fuels 1,2,3, and 4. 



.05 .07 
Fuel-air ratio 



09 



.11 .05 .07 .09 .11 

(b) Fuels 5,6, 7, and 8. 



05 .07 .09 .11 

(c) Second series of runs of 
fuels 7 and 8 compared with 



S-l and,S-l + 1.0 ml TEL. 



Figure 9.- Relation between fuel-air ratio and maximum permissible inlet pressure and between 
fuel-air ratio and maximum cylinder pressure at this inlet pressure for NACA fuels. 
Lycoming 0-1230 cylinder;engine speed, 2000 rpm;L-park advance, 27°;coolant inlet temperature, 250°F;compression ratio, 7.0. 
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.6 .8 1.0 1.8 1.4 1.6 1.8 

Fuel-air ratio/fuel-air ratio for complete combust/on 

Figure 11.- Relation between relative mixture and indicated epeclfio fuel 

consumption for NACA fuele 1 to B. Lycoming 0-1230 oyllnder: 
engine speed, 2000 rpm; epark advance, 37°; coolant inlet temperature, 
850°F; compression ratio, 7.0; inlet-air temperature, 250°F. 
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Figure 18.- Data ehowing relation between fuel-air ratio and 

maximum permieaiils indicated mean effectlTe prssBurs 
for NACA fueli 1 to 6 in O.F.R. engine. (Data from Standard Oil 
Development Co. ) Engine apeed, lBOOrpm; spark advance 30 s ; 1 
inlet-air temperature, 110°F; jacket temperature, 350°»! 
pieton bore 2 5/8 inohee; compression Tatlo, 6.5; engine 
displacement , 24.3 cubic incbee. 
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(open points) 
Engine speed, rpm 2000 
Inlet-air temp., of 250 
Compression ratio 7.0 
Spark advance, °B.T.C. 27 
Coolant temp., °F , 250 
Cylinder dimension 
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Figure 13.- Comparison of effect of fuel -air ratio 

on maximum permissible air quantity 
inducted per cubic inch of engine displacement for 
HACA fuels 1, 2, and 3 tested in Lycoming 0-1230 
cylinder and in C.F.R7 cylinder. 
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Figure 14.- Effect of fuel air ratio on maximum 

permissible performance of NACA fuels 
7 and 8 and S-l in Wright G-200 cylinder. Engine 
speed, 2000 rpm; spark advance, 20°; rear spark- 
plug boss temperature, 400°F; compression ratio, 
7.0; inlet-air temperature, 250 °F. 
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Figure 15.- Effect of fuel-air ratio on maximum 
permissible performance of NACA fuel 
7 and S-l in Wright G-200 cylinder at two inlet- 
air temperatures. Engine speed,' 2000 rpm; spark 
advance, 20° B.T.C.; compression ratio* 7.0, 
rear spark-plug boss temperature, 400 °F. 1 
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Figure 16. -Relation between indicated specific fuel 
consumption and maximum permissible imep 
and maximum permissible inlet pressure for S-1,S-1+ 
1.0 ml tetraethyl lead, S-l + 3.0 ml tetraethyl lead, 
and NACA fuels 7 and 8 in E.G.C. 17.6 cylinder .Engine 
speed, 2700 rpm;spark advance, 20°;inlet-air temperature, 
225°F;compression ratio, 7. 7. (Data from the Ethyl 
Gasoline Corporation^inlet coolant temperature, 240°F. 
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Figure 17. -Relation between estimated fuel -air ratio, 

maximum permissible imep, indicated specific 
fuel consumption, and indicated specific air consumption 
for S-l.S-l + 1.0 ml tetraethyl lead,S-l + 3.0 ml 
tetraethyl lead.and NACA fuels 7 and 8 in E.G.C. 17.6 
cylinder .Engine speed, 2700 rpm;spark advance, 20°; inlet 
air temperature, 225°F; inlet coolant temperature, 240<>F; 
compressien ratie,7.7. (Data from Ethyl Gasoline 
Corporation) - 
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Figure 16. -Relation between fuel-air ratio and relative indicated mean effective 

pressure with respect to S-l for 2-1 plus tetraethyl lead when tested at 
different inlet-air temperatures. Lycoming 0-1230 cylinder .Engine si3eed,2000 rpmjspark 
advance, 27°3.T.C. ;coolant temperature , 250°F; compression ratio, 7.0. 
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Figure 19. -Relation between fuel-air ratio and relative 

indicated mean effective pressure with respect to 
S-l .for NAGA fuels 1 to 8 when tested in different engine 
cylinders and at different inlet-air temperatures. 



